In the magnetospheres of Jupiter and Saturn, the intense interaction of the satellites Io, Europa, Ganymede and Enceladus with their surrounding plasma environment leaves a signature in the aurora of the planet. Called satellite footprints, these auroral features appear either as a single spot (Europa and Enceladus) or as multiple spots (Io and Ganymede). Moreover, they can be followed by extended trailing tails in the case of Io and Europa, while no tail has been reported for Ganymede and Enceladus, yet. Here we show that all Jovian footprints can be made of several spots. Furthermore, the footprints all experience brightness variations on timescale of 2-3 minutes. We also demonstrate that the satellite location relative to the plasma sheet is not the only driver for the footprint brightness, but that the plasma environment and the magnetic field strength also play a role. These new findings demonstrate that the Europa and Ganymede footprints are very similar to the Io footprint. As a consequence, the processes expected to take place at Io, such as the bi-directional electron acceleration by Alfvén waves or the partial reflection of these waves on plasma density gradients, can most likely be extended to the other footprints, suggesting that they are indeed universal processes.
Introduction
2005). They then reach density gradients at the boundaries of the plasma 48 torus and these waves get partially reflected back into the torus (Neubauer, 49 1980) . When the remaining transmitted Alfvén waves reach the high latitude 50 region, approximately 1 R J (Jovian radius) above the surface , they enter a 51 region where wave particle interactions accelerates electrons in both direc-52 tions (Jones and Su, 2008; Hess et al., 2010) . A fraction of these electrons If this scenario involving a chain of processes is correct for Io, then it 122 should also apply for Europa and Ganymede. In the present study, we show 123 that most phenomena described above concerning the Io footprint are indeed 124 also observed for Europa and Ganymede, confirming that the processes at (Badman et al., 2016; Tao et al., 2016) .
For parts of our study, we also include similar observations from the HST GO 149 7308, GO 8171, GO 8657 and GO 9685 programs to improve our statistics.
150
Some of these images were acquired as standard "ACCUM" images rather 151 than time-tag sequences. A sub-set of those were acquired with the CLEAR 152 filter (∼115-185 nm), which has a slightly wider bandwidth including the H 153 Lyman-α line.
154
The dark counts, flat field and geometry corrections are applied to ev-155 ery 10-s long sub-exposures extracted from the timetag sequences using the 156 typical "Calstis" procedure from the Space Telescope Science Institute. Con-157 version coefficients from counts on the detector to the emitted brightness and 158 power in the whole H 2 Extreme and FUV range account for the synthetic H 2 159 spectrum as in Gustin et al. (2012) . The color ratio of the EFP has not been 160 measured yet and the color ratio of the GFP appears to be variable, since 161 it has previously been measured to be as low as 1.8 (Gérard et al., 2014) 162 and as high as 6.7 (Gustin et al., 2016) (Bonfond et al., 2007 (Bonfond et al., , 2013b Grodent et al., 2009) . 
110
• S III , the satellite exits the center of the plasma sheet on its way to can be identified and its emitted power is reported with diamond symbols. time-tag sequences were split into several consecutive 100s sub-exposures.
330
As a consequence, the total number of images in consideration is 331 40: 22 for the North and 18 for the South.
332
The method used to measure the length of the EFP is similar 333 to the one used by Bonfond (2010) for the Io footprint MAW spot. is located south-ward of the center of the plasma sheet and approaches it.
376
The spots were initially ∼6000 km apart and this distance progressively 377 diminishes to ∼2200 km 45 minutes later (see the diamond symbols on Figure   378 8). Qualitatively, the motion of these spots is fully consistent with the The complexity and the variability Io footprint morphology can be suc- layer structures in the ionosphere (Hess et al., 2009; Bonfond et al., 2013b) .
514
It is now clear that the plasma environment (particle energy distribution, 515 density, composition, magnetic field strength, etc.) has a measurable influ-516 ence on the footprints' spots relative and absolute brightness and position. Figure 3 , except that the x-axis is expressed in units of time rather than longitudes. Significant brightness variations on timescales of ∼2 minutes can be seen. The error bars are computed assuming that the counts in the region of interest follow a Poisson distribution.
Northern spot 1st Southern spot 2nd Southern spot Figure 5 : Plot of the Ganymede footprint spots emitted power. The diamonds and crosses represent observations in the northern hemisphere and in the southern hemisphere, respectively. When two spots are visible in the southern hemisphere, the first one is shown with a + cross and the second one with a x cross. Each color accounts for a specific date. The error bar shown in pink is representative for all cases and is computed assuming that the counts in the region of interest follow a Poisson distribution. (Bonfond et al., 2012) . The arrows highlight the spots belonging to the Europa footprint. In the top images, only one spot appears to be part of the EFP, while two spots can be identified on the 3 subsequent ones.
